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FLEXIBLE INTERRUPT SYSTEM FOR AN 
INTEGRATED CIRCUIT 

FIELD OF THE INVENTION 

This invention relates to interrupt signals to Which a 
microcontroller responds. More speci?cally, this invention 
relates to system for presenting interrupt signals to the 
microcontroller located on an integrated circuit, the design 
of such system being particularly ?exible such that the 
interrupt signals can be from either on chip and off chip 
components. 

BACKGROUND OF THE INVENTION 

It is Well knoWn that microcontrollers sample for the 
presence of an interrupt at the end of the instruction being 
executed. The microcontroller saves the interrupted pro 
gram’s next instruction address, currently residing in its 
program counter (pc), and then loads the starting address of 
the interrupt service routine. The neW value then goes to the 
address bus so that the ?rst instruction of the service routine 
can be fetched for execution. 

The interrupted program address is generally saved by 
“pushing” it into a memory stack, Which is a block of 
memory utiliZed as a ?rst-in-last-out buffer, or by storing the 
address in a temporary register. 

It is Well knoWn that an on chip microcontroller might 
service interrupt requests from either on chip components or 
off chip components. In systems Where such multiple inter 
rupt requests sources are present, priority resolution among 
the interrupt requests must be clearly established so that the 
microcontroller can determine Which interrupt request to 
service. Depending on the system architecture, this priority 
resolution may or may not add to the interrupt latency. At the 
end of an interrupt service routine, the saved program 
address is reloaded into the microcontroller, so that the 
interrupted program can resume its execution. During sys 
tem test and debug it is particularly helpful to access the 
interrupt requests so that problems, if any, can be diagnosed 
and corrected. 

Because none of the prior art interrupt systems for a 
microcontroller embedded in an integrated circuit are 
entirely satisfactory. It is therefore desirable to provide an 
improved system for handling interrupt request signals on an 
integrated circuit Which is more ?exible in respond to both 
on chip and off chip components and yet can be easily tested 
and debugged. 

OBJECTS OF THE INVENTION 

An object of the present invention is to provide a micro 
controller embedded in an integrated circuit With a ?exible 
design such that a single interrupt input can be used to 
service a number of either on chip or off chip components. 

Another feature of the present invention is to provide a 
simple yet ?exible interrupt for use in a microcontroller 
embedded in an integrated circuit so that each of the 
interrupt inputs can be used to service both on chip and off 
chip components. 
An aspect of the present invention is to provide a ?exible 

interrupt design for a microcontroller embedded in an inte 
grated circuit Which is Well suited in system development 
and debugging. 

SUMMARY OF THE INVENTION 

The above and additional objectives of the present inven 
tion are accomplished by providing integrated circuit which 
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2 
includes an interrupt pad circuit connected to each bonding 
pad. An control circuit is coupled to each interrupt circuit 
and establishes the priorities of interrupt signals from the 
plurality of components located on the integrated circuit. 
Interrupt signal from both on chip and off chip source pass 
through a common node Which includes a pull up and pull 
doWn transistor. The microcontroller senses either a rising 
edge or falling edge of the interrupt request signal from 
either on chip or off chip components through the common 
node. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic diagram shoWing the 
microcontroller, the interrupt control logic, the interrupt pad 
circuits, and the interrupt pads; 

FIG. 2 is a schematic diagram of an interrupt pad circuit; 
FIG. 3 is a timing diagram of an on chip functional block 

invoking a rising edge interrupt request; 
FIG. 4 is a timing diagram of an on chip functional block 

invoking a falling edge interrupt request; 
FIG. 5 is a timing diagram of an off chip component 

invoking a rising edge interrupt request; 
FIG. 6 is a timing diagram for an off chip component 

invoking a falling edge interrupt request; 
FIG. 7 is a timing diagram for on chip and off chip 

components invoking interrupt request on the same interrupt 
pad. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

One embodiment of the ?exible interrupt system for a 
microcontroller embedded in an integrated circuit according 
to the present invention is seen in FIG. 1. A microcontroller 
10 is connected to receive interrupt signals from the inter 
rupt pad circuits 20, 22 and 24. Abonding pad 30, 32 and 34 
is connected to each interrupt pad circuit and is the input/ 
output port through Which digital signal can be coupled to on 
chip or off chip components. Each interrupt pad circuit 20, 
22 and 24 is connected via a bus to the interrupt control logic 
40. A number of devices 42, 44 and 46 are located on chip 
and create interrupt signals ireql, ireq2, . . . , ireqm Which 

are presented to the interrupt control logic 40. 
FIG. 2 depicts one embodiment of the interrupt pad 

circuits 20, 22 and 24. An input drive is coupled to the gate 
of a p channel transistor 50. The source and drain of the 
transistor are connected betWeen the source voltage 52 at 
VDD and the node 54. Ap channel transistor 56, Which is a 
high impedance device, has its source and drain connected 
betWeen the supply voltage 52 and the node 54 to receive the 
input signal puib from the interrupt control logic 40. A n 
channel transistor 58 has its source and drain connected 
betWeen ground and the node 54. A buffer 60 has its input 
connected to the node 54 and provides a signal intreq to the 
microcontroller 10. It is important to note that the node 54 
is connected directly to the bonding pad so that the signal 
Waveforms can be monitored during system development 
and debugging. 

Referring next to FIGS. 3—6 the operation of the ?exible 
interrupt system for a microcontroller embedded on an 
integrated circuit according to the present invention Will be 
described. The interrupt control logic 40 samples the inter 
rupt signals from the devices 42, 44 and 46. For example, 
signal ireql is sent from the device 42 to the control logic 40 
so that the priorities of the respective signals can be estab 
lished. The signal pdrive enables the transistor 50 so that the 
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rising edge of the interrupt signal can be sensed at the pad 
as Well as by the microcontroller 10. The logic level of signal 
puib remains unchanged in a high state. In addition, the 
system can also respond to a falling edge trigger interrupt 
request from one of the on chip devices. The signal ndrive 
enables the transistor 58 and at the same time the signal 
pdrive disables the transistor 50. The logic level of signal 
puib remains unchanged in a high state so that the high 
impedance p channel transistor 56 is in the off state. The 
falling edge of the interrupt request can be detected at the 
pad at about the same time that the microcontroller 10 
detects the falling edge of the interrupt signal. 
A particular feature of the present invention is that the 

microcontroller 10 can respond to interrupt signals from a 
number of components, some of Which may be on chip and 
some of Which may be off chip. The reason is that all of the 
interrupt signals pass through the node 54, Whether or not 
such signal is through the bonding pad from the external 
components, or from the on chip components through the 
interrupt control logic 40. For example, if an off chip 
component invokes a rising edge interrupt request signal int 
(FIG. 5), the p drive signal driving the transistor 50 remains 
high as does the signal puib for the transistor 56 While the 
signal ndrive is loW. This condition deasserts the interrupt 
pad circuit so that the microcontroller 10 senses the rising 
edge of the interrupt request signal from an off chip com 
ponent. In a similar manner, if an off chip components 
invokes a falling edge interrupt request signal int(FIG. 6), 
the p drive signal driving the transistor 50 remains high as 
does the signal puib for the transistor 56 While the signal 
ndrive is loW. This condition deasserts the interrupt pad 
circuit so that the microcontroller 10 senses the falling edge 
of the interrupt signal from an off chip component. 

Referring next to FIG. 7, the operation of the ?exible 
interrupt system for an embedded microcontroller according 
to the present invention in Which an interrupt signal comes 
from either an on chip component or an off chip component 
Will noW be described. At time tO there is no interrupt request 
signal from either the on chip components or from the off 
chip components. The signal pdrive is unchanged at a high 
state Which continues to enable the transistor 50. At this 
same time the signal ndrive remains loW so that the transistor 
58 remains disabled and the node 54 stays in the high state 
by means of the high impedance p channel transistor in the 
enabled state. 

Next the operation of the ?exible interrupt system for an 
embedded microcontroller according to the present inven 
tion in response to an interrupt request from an on chip 
component. At time t1 the on chip component 42 creates an 
interrupt signal ireql Which is presented to the interrupt 
control logic 40. The interrupt control logic 40 presents the 
signal ndrive Which enable the transistor 58 driving the node 
54 loW. Accordingly, as is seen the microcontroller senses 
the falling edge of the interrupt request signal. 

Finally, the operation of the ?exible interrupt system for 
an embedded microcontroller according to the present 
invention Will be described in response to an interrupt 
request from an off chip component. At time t2 the off chip 
component presents an interrupt request signal through the 
bonding pad 30 to the interrupt pad circuit 20. The signal 
pdrive to the gate of the transistor 50, the signal ndrive to the 
gate of the transistor 58 and the signal puib are unchanged 
at this time so that the microcontroller 10 senses the falling 
edge of the interrupt request. As a result, the microcontroller 
10 can service the request. 

While the invention has been described With respect to a 
preferred embodiment, it Will be understood that various 
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4 
modi?cations and changes can be made Without departing 
from the scope of the invention, Which invention is limited 
only by the appended claims. 
What is claimed: 
1. An integrated circuit having a plurality of pads for 

providing a plurality of input/output ports through Which 
signals can be coupled to a microcontroller, and including an 
embedded microcontroller for responding to interrupt 
request signals from on-chip components or from off-chip 
components, comprising: 

interrupt logic means for receiving interrupt request sig 
nals from on-chip components and for prioritiZing said 
interrupt request signals in a predetermined manner, 
and for routing such requests to said microcontroller; 
and 

an interrupt pad circuit means coupled to said interrupt 
logic means to receive interrupt request signals from 
said on-chip components, and also coupled to at least 
one of said input/output ports to receive signals from 
said off-chip components, and for providing such inter 
rupt signals to said embedded microcontroller, Wherein 
said interrupt pad circuit includes a ?rst node coupled 
to receive interrupt request signals from components 
located on-chip, and for receiving interrupt request 
signals from off-chip components, Wherein the on-chip 
interrupt request signal is detectable at the at least one 
of said input/output ports connected to the node. 

2. An integrated circuit according to claim 1, Wherein said 
interrupt pad circuit means includes a p channel transistor 
having its source and drain connected betWeen a supply 
voltage and said ?rst node, and an n channel transistor 
having its source and drain connected betWeen said ?rst 
node and ground. 

3. An integrated circuit according to claim 2, Wherein said 
p channel transistor of said interrupt pad circuit means and 
said n channel transistor of said interrupt pad circuit means 
each has its gate connected to said logic means for receiving 
interrupt request signals. 

4. An integrated circuit according to claim 1, Wherein said 
interrupt pad circuit means includes a second p channel 
transistor having its source and drain connected betWeen 
said supply voltage and said ?rst node. 

5. An integrated circuit according to claim 4, Wherein said 
second p channel transistor has its gate connected to said 
interrupt control logic means. 

6. An integrated circuit having a plurality of pads for 
providing a plurality of input/output ports through Which 
signals can be coupled to a microcontroller, and including an 
embedded microcontroller for responding to interrupt 
request signals from on-chip components or from off-chip 
components, comprising: 

interrupt logic means for receiving interrupt request sig 
nals from on-chip components and for prioritiZing said 
interrupt request signals in a predetermined manner, 
and for routing such requests to said microcontroller; 
and 

an interrupt pad circuit means coupled to said interrupt 
logic means to receive interrupt request signals from 
said on-chip components, and also coupled to at least 
one of said input/output ports to receive signals from 
said off-chip components, and for providing such inter 
rupt signals to said embedded microcontroller, Wherein 
the interrupt request signals from on-chip components 
and off-chip components are coupled through a ?rst 
node, Wherein said ?rst node is connected to a pad by 
an electrically conductive path. 

* * * * * 


